
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

15
4 

09
8

A
1

TEPZZ¥_54Z98A_T
(11) EP 3 154 098 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
12.04.2017 Bulletin 2017/15

(21) Application number: 15803369.6

(22) Date of filing: 01.06.2015

(51) Int Cl.:
H01L 35/32 (2006.01) H01L 35/34 (2006.01)

H02N 11/00 (2006.01)

(86) International application number: 
PCT/JP2015/002740

(87) International publication number: 
WO 2015/186328 (10.12.2015 Gazette 2015/49)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA

(30) Priority: 03.06.2014 JP 2014114826
14.05.2015 JP 2015099315

(71) Applicant: DENSO CORPORATION
Kariya-city, Aichi
448-8661 (JP)

(72) Inventors:  
• SHIRAISHI, Yoshihiko

Kariya-city
Aichi 448-8661 (JP)

• SAKAIDA, Atusi
Kariya-city
Aichi 448-8661 (JP)

• GOUKO, Norio
Kariya-city
Aichi 448-8661 (JP)

(74) Representative: Kuhnen & Wacker
Patent- und Rechtsanwaltsbüro 
Prinz-Ludwig-Straße 40A
85354 Freising (DE)

(54) THERMOELECTRIC CONVERSION ELEMENT SHEET, METHOD FOR MANUFACTURING 
SAME, AND METHOD FOR MANUFACTURING THERMOELECTRIC CONVERSION DEVICE

(57) A thermoelectric conversion element sheet in-
cludes: a base material (2) that has a plurality of formation
regions (2a); and a plurality of thermoelectric conversion
elements (10) respectively disposed in the plurality of
formation regions. The thermoelectric conversion ele-
ments disposed in adjacent formation regions are elec-
trically connected through a connection pattern (112 to
115) for extracting an electrode. According to the ther-
moelectric conversion element sheet, a thermoelectric
conversion device may be obtained by cutting the ther-
moelectric conversion element sheet depending on the
intended use, and the design of the thermoelectric con-
version element sheet itself need not be changed de-
pending on the intended use. It is thus possible to improve
the degree of freedom for design and manufacturing.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is based on Japanese Patent
Applications No. 2014-114826 filed on June 3, 2014, and
No. 2015-99315 filed on May 14, 2015, the disclosures
of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a thermoelec-
tric conversion element sheet formed with a plurality of
thermoelectric conversion elements, a method for man-
ufacturing the thermoelectric conversion element sheet,
and a method for manufacturing a thermoelectric con-
version device obtained by cutting the thermoelectric
conversion element sheet.

BACKGROUND ART

[0003] There has been proposed a thermoelectric con-
version device in which a P-type element and an N-type
element are alternately connected in series. As a method
for manufacturing such a thermoelectric conversion de-
vice, for example, Patent Literature 1 proposes a manu-
facturing method as follows.
[0004] In this manufacturing method, first, an insulating
base member is prepared, and first and second via holes
are formed in this insulating base member. Then, the first
via hole is filled with a first conductive paste, and the
second via hole is filled with a second conductive paste.
The first conductive paste is a conductive paste contain-
ing Bi-Sb-Te alloy powder (metal particles) that consti-
tutes the P-type, and the second conductive paste is a
conductive paste containing Bi-Te alloy powder (metal
particles) that constitutes the N-type.
[0005] Further, a front surface protection member
formed with a front surface pattern and a rear surface
protection member formed with a rear surface pattern
are prepared. Then, the rear surface protection member,
the insulating base member, and the front surface pro-
tection member are sequentially stacked to form a
stacked body such that the first conductive paste and the
second conductive paste appropriately come into contact
with the front surface pattern and the rear surface pattern.
[0006] Thereafter, this stacked body is pressed from
both upper and lower surfaces in a stacking direction
while being heated, to constitute a P-type element from
the first conductive paste and an N-type element from
the second conductive paste. Further, the P-type element
and the N-type element are appropriately connected with
the front surface pattern and the rear surface pattern.
Accordingly, a thermoelectric conversion device with the
P-type element and the N-type element alternately con-
nected in series is manufactured.
[0007] In such a thermoelectric conversion device, the
conversion efficiency can be appropriately changed by

changing the number of P-type elements and N-type el-
ements, diameters thereof, or the like, for example.
Hence in the above manufacturing method, a thermoe-
lectric conversion device with desired conversion effi-
ciency can be manufactured by appropriately changing
the number of first and second via holes, diameters of
the holes, or the like.
[0008] However, the above manufacturing method has
a problem where the design has to be changed depend-
ing on the intended use, and hence the degree of freedom
for design and manufacturing is low.

PRIOR ART LITERATURES

PATENT LITERATURE

[0009] Patent Literature 1: JP-2014-007409-A

SUMMARY OF INVENTION

[0010] It is an object of the present disclosure to pro-
vide a thermoelectric conversion element sheet capable
of improving the degree of freedom for design and man-
ufacturing, a method for manufacturing the same, and a
method for manufacturing a thermoelectric conversion
device.
[0011] According to a first aspect of the present disclo-
sure, a thermoelectric conversion element sheet in-
cludes: a base material that has a plurality of formation
regions; and a plurality of thermoelectric conversion el-
ements respectively disposed in the plurality of formation
regions. The thermoelectric conversion elements dis-
posed in adjacent formation regions are electrically con-
nected through a connection pattern for extracting an
electrode.
[0012] According to the above thermoelectric conver-
sion element sheet, thermoelectric conversion elements
are formed in respective formation regions, and each of
the thermoelectric conversion elements is connected.
Hence a thermoelectric conversion device may be ob-
tained by cutting the thermoelectric conversion element
sheet depending on the intended use, and the design of
the thermoelectric conversion element sheet itself need
not be changed depending on the intended use. It is thus
possible to improve the degree of freedom for design and
manufacturing.
[0013] According to a second aspect of the present
disclosure, a thermoelectric conversion element sheet
includes: a base material that has a plurality of formation
regions; and a plurality of thermoelectric conversion el-
ements respectively disposed in the plurality of formation
regions. One direction in a plane direction of the base
material is defined as a first direction, and a direction
intersecting with the first direction is defined as a second
direction. The plurality of thermoelectric conversion ele-
ments are respectively arranged along the first direction
and the second direction. The thermoelectric conversion
elements adjacent to each other along the first direction

1 2 



EP 3 154 098 A1

3

5

10

15

20

25

30

35

40

45

50

55

are electrically connected with each other. Two of the
thermoelectric conversion elements adjacent to each
other along the second direction provide a pair. The ther-
moelectric conversion elements in the pair disposed on
one end in the first direction are electrically connected
with each other. The thermoelectric conversion element
in one of two pairs adjacent to each other along the sec-
ond direction, which are disposed on the other end in the
first direction, and the thermoelectric conversion element
in the other of two pairs are electrically connected with
each other, and the thermoelectric conversion elements
are connected in series with each other.
[0014] According to the above thermoelectric conver-
sion element sheet, thermoelectric conversion elements
are formed in respective formation regions, and each of
the thermoelectric conversion elements is connected.
Hence a thermoelectric conversion device may be ob-
tained by cutting the thermoelectric conversion element
sheet depending on the intended use, and the design of
the thermoelectric conversion element sheet itself need
not be changed depending on the intended use. It is thus
possible to improve the degree of freedom for design and
manufacturing.
[0015] According to a third aspect of the present dis-
closure, a thermoelectric conversion element sheet in-
cludes: a base material that has a plurality of formation
regions; and a plurality of thermoelectric conversion el-
ements respectively disposed in the plurality of formation
regions. One direction in a plane direction of the base
material is defined as a first direction. The plurality of
thermoelectric conversion elements are arranged along
the first direction, and electrically connected to each other
to be connected in series with each other.
[0016] According to the above thermoelectric conver-
sion element sheet, thermoelectric conversion elements
are formed in respective formation regions, and each of
the thermoelectric conversion elements is connected.
Hence a thermoelectric conversion device may be ob-
tained by cutting the thermoelectric conversion element
sheet depending on the intended use, and the design of
the thermoelectric conversion element sheet itself need
not be changed depending on the intended use. It is thus
possible to improve the degree of freedom for design and
manufacturing.
[0017] According to a fourth aspect of the present dis-
closure, a method for manufacturing a thermoelectric
conversion element sheet includes: preparing an insu-
lating base member that includes a plurality of formation
regions, and has thermoplastic resin in which a plurality
of first via holes and a plurality of second via holes pen-
etrating the formation regions in a thickness direction are
arranged in each of the plurality of formation regions, and
the first via holes and the second via holes are respec-
tively filled with a first conductive paste and a second
conductive paste; preparing a front surface protection
member having a plurality of front surface patterns
spaced apart from each other and a plurality of connec-
tion patterns spaced apart from each other, which are

arranged on one surface of the front surface protection
member; preparing a rear surface protection member
having a plurality of rear surface patterns spaced apart
from each other, which are arranged on one surface of
the rear surface protection member; arranging the front
surface protection member on a front surface of the in-
sulating base member to contact the first conductive
paste and the second conductive paste with the front
surface patterns and the connection patterns, respec-
tively, and arranging the rear surface protection member
on a rear surface of the insulating base member to con-
tact the first conductive paste and the second conductive
paste with the rear surface patterns, respectively, so as
to form a stacked body; and heating and pressing the
stacked body in a stacking direction to integrate into one
body so that a first interlayer connection member and a
second interlayer connection member are formed from
the first conductive paste and the second conductive
paste in the each of the formation regions; connecting
the first interlayer connection member and the second
interlayer connection member with the front surface pat-
tern and the rear surface pattern so as to alternately con-
nect the first interlayer connection member and the sec-
ond interlayer connection member in series with each
other so that a thermoelectric conversion element is
formed; and electrically connecting adjacent thermoelec-
tric conversion elements through the connection pattern
so that thermoelectric conversion elements are connect-
ed in series with each other by connecting the adjacent
thermoelectric conversion elements formed in a corre-
sponding formation region.
[0018] According to the above method for manufactur-
ing the thermoelectric conversion element sheet, the step
of forming thermoelectric conversion elements in respec-
tive formation regions and the step of electrically con-
necting each of the thermoelectric conversion elements
with each other can be performed by the same step, to
simplify the manufacturing process.
[0019] According to a fifth aspect of the present disclo-
sure, a method for manufacturing a thermoelectric con-
version device includes: performing the method for man-
ufacturing the thermoelectric conversion element sheet
according to the fourth aspect; and cutting the thermoe-
lectric conversion element sheet. In the cutting of the
thermoelectric conversion element sheet, the thermoe-
lectric conversion element sheet is cut so as to divide the
connection pattern.
[0020] According to the above method for manufactur-
ing the thermoelectric conversion device, since the ther-
moelectric conversion element sheet is cut such that the
connection pattern is divided, the divided connection pat-
tern can be used as it is as an electrode to be electrically
connected with an external circuit.

BRIEF DESCRIPTION OF DRAWINGS

[0021] The above and other objects, features and ad-
vantages of the present disclosure will become more ap-
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parent from the following detailed description made with
reference to the accompanying drawings. In the draw-
ings:

[Fig. 1] Fig. 1 is a front surface view showing a ther-
moelectric conversion element sheet 1 in a first em-
bodiment of the disclosure;
[Fig. 2] Fig. 2 is a rear surface view showing the
thermoelectric conversion element sheet 1 shown in
Fig. 1;
[Fig. 3] Fig. 3 is a sectional view showing thermoe-
lectric conversion elements 10 along a line III-III of
Figs. 1 and 2;
[Fig. 4] Fig. 4 is a schematic view showing a con-
nected state of each of the thermoelectric conversion
elements 10 in the thermoelectric conversion ele-
ment sheet 1 shown in Fig. 1;
[Fig. 5] Figs. 5A to 5H are sectional views showing
a manufacturing process of the thermoelectric con-
version element sheet 1;
[Fig. 6] Fig. 6 is an example of a cutting line L0 of
the thermoelectric conversion element sheet 1
shown in Fig. 1;
[Fig. 7] Fig. 7 is an example of cutting lines L1 to L3
of the thermoelectric conversion element sheet 1
shown in Fig. 1;
[Fig. 8A] Fig. 8A is a view showing a thermoelectric
conversion device 3 obtained by cutting the thermo-
electric conversion element sheet 1 along the cutting
line L0 shown in Fig. 6;
[Fig. 8B] Fig. 8B is a view showing the thermoelectric
conversion device 3 obtained by cutting the thermo-
electric conversion element sheet 1 along the cutting
line L1 shown in Fig. 7;
[Fig. 8C] Fig. 8C is a view showing the thermoelectric
conversion device 3 obtained by cutting the thermo-
electric conversion element sheet 1 along the cutting
line L2 shown in Fig. 7;
[Fig. 8D] Fig. 8D is a view showing the thermoelectric
conversion device 3 obtained by cutting the thermo-
electric conversion element sheet 1 along the cutting
line L3 shown in Fig. 7;
[Fig. 9] Fig. 9 is an example of a cutting line L4 of a
thermoelectric conversion element sheet 1 in a sec-
ond embodiment of the present disclosure;
[Fig. 10] Fig. 10 is a view showing the thermoelectric
conversion device 3 obtained by cutting the thermo-
electric conversion element sheet 1 along the cutting
line L4 shown in Fig. 9;
[Fig. 11] Fig. 11 is an example of a cutting line L5 of
the thermoelectric conversion element sheet 1 in a
modified example of the second embodiment of the
present disclosure;
[Fig. 12] Fig. 12 is a view showing the thermoelectric
conversion device 3 obtained by cutting the thermo-
electric conversion element sheet 1 along the cutting
line L5 shown in Fig. 11;
[Fig. 13] Fig. 13 is an example of a cutting line L6 of

the thermoelectric conversion element sheet 1 in a
modified example of the second embodiment of the
present disclosure;
[Fig. 14] Fig. 14 is a view showing the thermoelectric
conversion device 3 obtained by cutting the thermo-
electric conversion element sheet 1 along the cutting
line L6 shown in Fig. 13;
[Fig. 15] Fig. 15 is an example of a cutting line L7 of
the thermoelectric conversion element sheet 1 in a
modified example of the second embodiment of the
present disclosure;
[Fig. 16] Fig. 16 is a view showing the thermoelectric
conversion device 3 obtained by cutting the thermo-
electric conversion element sheet 1 along the cutting
line L7 shown in Fig. 15;
[Fig. 17] Fig. 17 is an example of a cutting line L8 of
the thermoelectric conversion element sheet 1 in a
modified example of the second embodiment of the
present disclosure;
[Fig. 18] Fig. 18 is a view showing the thermoelectric
conversion device 3 obtained by cutting the thermo-
electric conversion element sheet 1 along the cutting
line L8 shown in Fig. 17;
[Fig. 19] Fig. 19 is an example of a cutting line L9 of
the thermoelectric conversion element sheet 1 in a
modified example of the second embodiment of the
present disclosure;
[Fig. 20] Fig. 20 is a view showing the thermoelectric
conversion device 3 obtained by cutting the thermo-
electric conversion element sheet 1 along the cutting
line L9 shown in Fig. 19;
[Fig. 21A] Fig. 21A is a view showing a characteristic-
defective place of a thermoelectric conversion ele-
ment sheet 1 in a third embodiment of the present
disclosure;
[Fig. 21B] Fig. 21B is a view showing each of the
thermoelectric conversion elements 10 being con-
nected in series except for the characteristic-defec-
tive place in the thermoelectric conversion element
sheet 1;
[Fig. 22] Fig. 22 is a front surface view showing the
thermoelectric conversion element sheet 1 in anoth-
er embodiment of the disclosure; and
[Fig. 23] Fig. 23 is a rear surface view showing the
thermoelectric conversion element sheet 1 in anoth-
er embodiment of the disclosure.

EMBODIMENTS FOR CARRYING OUT INVENTION

[0022] Hereinafter, embodiments of the present disclo-
sure will be described with reference to the drawings. In
each of the following embodiments, a description will be
given providing the same numerals to the same or equiv-
alent portions.

FIRST EMBODIMENT

[0023] A first embodiment of the present disclosure will
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be described with reference to the drawings. As shown
in Figs. 1 and 2, the thermoelectric conversion element
sheet 1 includes a base material 2 having a plurality of
formation regions 2a, and thermoelectric conversion el-
ements 10 are formed in the respective formation regions
2a.
[0024] Fig. 1 shows only one formation region as the
formation region 2a. In Fig. 1, a front surface protection
member 110 described later is omitted so as to facilitate
understanding, and in Fig. 2, a rear surface protection
member 120 described later is omitted so as to facilitate
understanding.
[0025] In the present embodiment, it is assumed that
the base material 2 (thermoelectric conversion element
sheet 1) has a planar rectangular shape, and one direc-
tion is a longitudinal direction (a vertical direction in each
of the paper of Figs. 1 and 2). When the longitudinal di-
rection is defined as a first direction, and a planar direc-
tion of the base material 2 which is orthogonal to (inter-
sects with) the first direction is defined as a second di-
rection (a horizontal direction in each of the paper of Figs.
1 and 2), in the present embodiment, 14 thermoelectric
conversion elements 10 are formed in the first direction
and six thermoelectric conversion elements 10 are
formed in the second direction. That is, in the present
embodiment, 84 thermoelectric conversion elements 10
are formed in the thermoelectric conversion element
sheet 1. In other words, 15 formation regions 2a are pro-
vided in the first direction while six formation regions 2a
are provided in the second direction, totaling up to 84
formation regions.
[0026] Specifically, as for the thermoelectric conver-
sion elements 10 of the present embodiment, when two
thermoelectric conversion elements 10 adjacent in the
first direction are taken as a first pair 10a, the first pair
10a is formed so as to be spaced from another first pair
10a by a predetermined distance in the first direction.
Further, when two thermoelectric conversion elements
10 adjacent in the second direction are taken as a second
pair 10b, the second pair 10b is formed so as to be spaced
from another second pair 10b by a predetermined dis-
tance in the second direction. In other words, when the
two second pairs 10b (four thermoelectric conversion el-
ements 10) adjacent in the first direction are taken as a
group 10c, the group 10c is formed so as to be spaced
from another group 10c by respective predetermined dis-
tances in the first direction and the second direction.
[0027] Here, the configuration of each of the thermo-
electric conversion elements 10 will be described with
reference to Figs. 1 to 3. Each of the thermoelectric con-
version elements 10 has a similar configuration and is
configured such that the second direction is the longitu-
dinal direction.
[0028] In the base material 2, the thermoelectric con-
version element 10 is formed by alternately connecting
first and second interlayer connection members 130, 140
in series, and the base material 2 includes an insulating
base member 100, the front surface protection member

110, and the rear surface protection member 120.
[0029] In the present embodiment, the insulating base
member 100 is formed of a thermoplastic resin film in a
planar rectangular shape, represented by polyether ether
ketone (PEEK), polyether imide (PEI), and liquid crystal
polymer (LCP). Then, in each formation region 2a, a plu-
rality of first and second via holes 101, 102 passing there-
through in the thickness direction are formed in a zigzag
pattern so as to alternate with each other.
[0030] Although each of the first and second via holes
101, 102 of the present embodiment is assumed to have
a diameter constant from the front surface 100a to the
rear surface 100b, each of the first and second via holes
101, 102 may have a tapered shape with its diameter
getting smaller from the front surface 100a to the rear
surface 100b. Further, each of the first and second via
holes 101, 102 may have a tapered shape with its diam-
eter getting smaller from the rear surface 100b toward
the front surface 100a, or may have a rectangular cylin-
drical shape.
[0031] The first interlayer connection member 130 is
disposed in each first via hole 101, and the second inter-
layer connection member 140 is disposed in each second
via hole 102. That is, in the insulating base member 100,
the first and second interlayer connection members 130,
140 are disposed so as to alternate with each other in
the formation region 2a.
[0032] Although not particularly restrictive, the first in-
terlayer connection member 130 is, for example, made
of a metal compound (sintered alloy) formed by subject-
ing Bi-Sb-Te alloy powder that constitutes the P-type to
solid-phase sintering so as to keep a crystal structure of
a plurality of metal atoms before the sintering. Further,
the second interlayer connection member 140 is made
of a metal compound (sintered alloy) formed by subject-
ing Bi-Te alloy powder that constitutes the N-type to solid-
phase sintering so as to keep a predetermined crystal
structure of a plurality of metal atoms before the sintering.
As thus described, the metal compounds subjected to
solid-phase sintering so as to keep the predetermined
crystal structures are used as the first and second inter-
layer connection members 130, 140, thereby enabling
an increase in electromotive force (voltage).
[0033] The front surface protection member 110 is
formed of a thermoplastic resin film having a planar rec-
tangular shape, represented by polyether ether ketone
(PEEK), polyether imide (PEI), and liquid crystal polymer
(LCP), and is disposed on the front surface 100a of the
insulating base member 100. This front surface protec-
tion member 110 has the same planar shape as that of
the insulating base member 100, and a plurality of front
surface patterns 111 with copper foil or the like patterned
on one surface 110a facing the insulating base member
100 are formed so as to be spaced from each other. Then,
each of the front surface patterns 111 is appropriately
electrically connected with the first and second interlayer
connection members 130, 140 along with each of rear
surface patterns 121 described later such that the first
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and second interlayer connection members 130, 140 are
connected in series in the formation region 2a.
[0034] The rear surface protection member 120 is
formed of a thermoplastic resin film having a planar rec-
tangular shape, represented by polyether ether ketone
(PEEK), polyether imide (PEI), and liquid crystal polymer
(LCP), and disposed on the rear surface 100b of the in-
sulating base member 100. This rear surface protection
member 120 has the same planar shape as that of the
insulating base member 100, and a plurality of rear sur-
face patterns 121 with copper foil or the like patterned
on one surface 120a facing the insulating base member
100 are formed so as to be spaced from each other. Then,
the rear surface patterns 121 is appropriately electrically
connected with the first and second interlayer connection
members 130, 140 along with each of the front surface
patterns 111 such that the first and second interlayer con-
nection members 130, 140 are connected in series in the
formation region 2a.
[0035] That is, it can also be said that the front surface
patterns 111 and the rear surface patterns 121 are
formed on the front surface protection member 110 and
the rear surface protection member 120 such that the
first and second interlayer connection members 130, 140
are alternately connected in series. In the present em-
bodiment, as shown in Figs. 1 and 2, each of the ther-
moelectric conversion elements 10 has a configuration
where the first and second interlayer connection mem-
bers 130, 140 being alternately connected in series in
the second direction are folded back a plurality of times
in each formation region 2a.
[0036] What has been described above is the config-
uration of each of the thermoelectric conversion elements
10. As shown in Figs. 1 and 3, in the front surface pro-
tection member 110, each of the thermoelectric conver-
sion elements 10 is electrically connected on the one
surface 110a facing the insulating base member 100,
and first to fourth connection patterns 112 to 115 obtained
by patterning copper foil or the like are formed so as to
be used as electrodes (patterns for extracting electrodes)
that make electrical connection with an external circuit
at the time of the cutting. In order to facilitate understand-
ing of Fig. 1 though it is not a sectional view, each of the
first to fourth connection patterns 112 to 115 is provided
with different hatching.
[0037] The first connection patterns 112 are formed so
as to be spaced from each other in the first direction. Two
thermoelectric conversion elements 10 adjacent in the
first direction are electrically connected to each other
through the first connection pattern 112.
[0038] Further, the second connection patterns 113
are formed so as to be spaced from each other in the
second direction on one end side in the first direction (on
the upper side of the paper of Fig. 1). On the one end
side in the first direction, the thermoelectric conversion
elements 10 of the second group 10b are electrically con-
nected to each other through the second connection pat-
tern 113 in the second group 10b.

[0039] The third connection patterns 114 are formed
so as to be spaced from each other in the second direction
on the other end side in the first direction (on the lower
side of the paper of Fig. 1). On the other end side in the
first direction, in two second pairs 10b adjacent in the
second direction, the thermoelectric conversion element
10 of one second pair 10b side in the other second group
10b is electrically connected with the thermoelectric con-
version element 10 on the other second pair 10b side in
the one second group 10b.
[0040] Accordingly, when the thermoelectric conver-
sion element 10 on the lower left side of the paper of Fig.
1 is taken as a start of the thermoelectric conversion el-
ement sheet 1, as indicated by an arrow A in Fig. 4, the
thermoelectric conversion elements 10 are sequentially
connected to each other in series from this thermoelectric
conversion element 10 on the lower left side toward the
thermoelectric conversion element 10 on the lower right
side of the paper of Fig. 1.
[0041] Connection structure of the thermoelectric con-
version elements 10 and each of the connection patterns
112 to 114 will be described here. In each thermoelectric
conversion element 10, the first and second interlayer
connection members 130, 140 are connected in series
alternately through the front surface pattern 111 and the
rear surface pattern 121, but the first interlayer connec-
tion member 130 or the second interlayer connection
member 140 at both ends in an electrically serially con-
nected direction is not connected with the front surface
pattern 111. Therefore, the first interlayer connection
member 130 on one end side in the serially connected
direction in one thermoelectric conversion element 10
and the second interlayer connection member 140 on
the other end side in the serially connected direction in
the other thermoelectric conversion elements 10 are
electrically connected through the first connection pat-
tern 112, the second connection pattern 113, or the third
connection pattern 114.
[0042] Further, on the thermoelectric conversion ele-
ment sheet 1 as thus described, as for the thermoelectric
conversion elements 10 at both ends in the serially con-
nected direction (the thermoelectric conversion elements
10 on the lower left and the lower right of the paper of
Fig. 1), the first interlayer connection member 130 or the
second interlayer connection member 140 at one end in
the serially connected direction in the thermoelectric con-
version element 10 is connected with neither the front
surface pattern 111 nor the first connection pattern 112.
Accordingly, the fourth connection pattern 115 is formed
so as to be electrically connected with the first interlayer
connection member 130 or the second interlayer con-
nection member 140 electrically connected with neither
the front surface pattern 111 nor the first connection pat-
tern 112.
[0043] In the present embodiment, for facilitating to cut
the first to fourth connection patterns 112 to 115 at the
time of cutting the thermoelectric conversion element
sheet 1 described later, an intermediate portion (a portion

9 10 



EP 3 154 098 A1

7

5

10

15

20

25

30

35

40

45

50

55

that may be cut) of each of the first to fourth connection
patterns 112 to 115 is made thinner than the other portion
of the first to fourth connection patterns 112 to 115.
[0044] Further, in the present embodiment, as shown
in Fig. 1, a plurality of alignment marks 116 are formed
on the one surface 110a of the front surface protection
members 110, the one surface 110a facing the insulating
base member 100. Similarly, as shown in Fig. 2, a plu-
rality of alignment marks 122 are formed on the one sur-
face 120a of the rear surface protection members 120,
the one surface 120a facing the insulating base member
100. In the present embodiment, each of the alignment
marks 116, 122 has a dot shape appropriately formed
between the groups 10c, and is configured by patterning
copper foil or the like.
[0045] What has been described above is the config-
uration of the thermoelectric conversion element sheet
1 in the present embodiment. Next, a method for manu-
facturing the thermoelectric conversion element sheet 1
as above will be described with reference to Figs. 5A to
5H. Figs. 5A to 5H are sectional views showing a man-
ufacturing process of a portion corresponding to Fig. 3,
and a similar process is also performed in the other for-
mation regions 2a.
[0046] First, as shown in Fig. 5A, an insulating base
member 100 having the front surface 100a and the rear
surface 100b is prepared, and a plurality of first via holes
101 are formed in each formation region 2a of the insu-
lating base member 100 by use of a drill, a laser, or the
like. Note that the range of each formation region 2a of
the insulating base member 100 matches the range of
each formation region 2a of the base material 2.
[0047] Next, as shown in FIG. 5B, each first via hole
101 is filled with a first conductive paste 131. As a method
(device) for filling the first via hole 101 with the first con-
ductive paste 131, a method (device) described in JP-
2010-50356-A applied by the present applicant may be
employed.
[0048] Briefly describing, the insulating base member
100 is disposed on a holding stand, not shown, through
adsorbent paper 150 such that the rear surface 100b
faces the adsorbent paper 150. Then, the first via hole
101 is filled with the first conductive paste 131 while the
first conductive paste 131 is melt. Thereby, most of an
organic solvent of the first conductive paste 131 is ad-
sorbed by the adsorbent paper 150, and the alloy powder
is disposed in close contact with the first via hole 101.
[0049] The adsorbent paper 150 may be any material
so long as being able to absorb the organic solvent of
the first conductive paste 131, and general high-quality
paper or the like is used. Further, as the first conductive
paste 131, there is used a paste-like material obtained
by adding an organic solvent such as paraffin with a melt-
ing point of 43°C to Bi-Sb-Te alloy powder to form a paste,
the powder having metal atoms that keep a predeter-
mined crystal structure. Thus, the filling the via hole with
the first conductive paste 131 is performed in a state
where the front surface 100a of the insulating base mem-

ber 100 has been heated to about 43°C.
[0050] Subsequently as shown in Fig. 5C, a plurality
of second via holes 102 are formed in each formation
region 2a of the insulating base member 100 by use of
the drill, the laser, or the like. This second via holes 102
are formed so as to alternate with the first via holes 101
and configures a zigzag pattern along with the first via
holes 101 as described above.
[0051] Next, as shown in FIG. 5D, each second via
hole 102 is filled with a second conductive paste 141.
This step can be performed by a similar step to that of
Fig. 5B.
[0052] That is, again, the insulating base member 100
is disposed on the holding stand, not shown, through the
adsorbent paper 150 such that the rear surface 100b
faces the adsorbent paper 150, and thereafter, the sec-
ond via hole 102 is filled with the second conductive paste
141. Thereby, most of an organic solvent of the second
conductive paste 141 is adsorbed to the adsorbent paper
150, and alloy powder is disposed in close contact with
the second via hole 102.
[0053] As the second conductive paste 141, there is
used a paste-like material obtained by adding an organic
solvent such as teripineol with a melting point of a normal
temperature to Bi-Te alloy powder to form a paste, the
powder having metal atoms which are different from the
metal atoms constituting the first conductive paste 131,
and keeping a predetermined crystal structure. That is,
as the organic solvent to constitute the second conduc-
tive paste 141, there is used an organic solvent with a
melting point lower than that of the organic solvent con-
stituting the first conductive paste 131. The filling the via
hole with the second conductive paste 141 is performed
in a state where the front surface 100a of the insulating
base member 100 is kept at the normal temperature. In
other words, the filling the via hole with the second con-
ductive paste 141 is performed in a state where the or-
ganic solvent contained in the first conductive paste 131
is solidified. This prevents the second conductive paste
141 from being mixed into the first via hole 101.
[0054] The state where the organic solvent contained
in the first conductive paste 131 is solidified means a
state where the organic solvent, not adsorbed to the ad-
sorbent paper 150 in the above step of Fig. 5B and re-
maining in the first via hole 101, is solidified.
[0055] Next, in a different step from each of the above
steps, as shown in Fig. 5E, the front surface protection
member 110 is prepared. Of this front surface protection
member 110, the one surface 110a facing the insulating
base member 100 is formed with copper foil or the like.
Then, this copper foil is appropriately patterned, to form
a plurality of front surface patterns 111 spaced from each
other and the first connection patterns 112. Further, in a
different cross section of FIG. 5E, the second connection
pattern 113, the third connection pattern 114, the fourth
connection pattern 115, and the alignment marks 116
are formed. That is, the front surface patterns 111, the
first to fourth connection patterns 112 to 115, and the
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alignment mark 116 are formed in the same step.
[0056] Similarly, as shown in Fig. 5F, the rear surface
protection member 120 is prepared. Of this rear surface
protection member 120, the one surface 120a facing the
insulating base member 100 is formed with copper foil
or the like. Then, this copper foil is appropriately pat-
terned, to form a plurality of rear surface patterns 121
spaced from each other. Further, the alignment mark 122
is formed on a cross section different from Fig. 5F. That
is, the rear surface pattern 121 and the alignment marks
122 are formed in the same step.
[0057] Thereafter, as shown in Fig. 5G, the rear sur-
face protection member 120, the insulating base member
100, and the front surface protection member 110 are
sequentially stacked, to form a stacked body 160. At this
time, the stacked body 160 is formed such that the first
conductive paste 131 and the second conductive paste
141 appropriately come into contact with the front surface
pattern 111 and the rear surface pattern 121.
[0058] Subsequently, as shown in Fig. 5H, this stacked
body 160 is disposed between a pair of pressing plates,
not shown. Then, the stacked body 160 is integrated by
being pressed from both upper and lower surfaces in a
stacking direction in a vacuum state while being heated,
to thereby constitute the thermoelectric conversion ele-
ment sheet 1 provided with the base material 2. Specif-
ically, the first and second conductive pastes 131, 141
is subjected to solid-phase sintering to form the first and
second interlayer connection members 130, 140, and the
stacked body 160 is integrated by being pressed while
heated such that the first and second interlayer connec-
tion members 130, 140 appropriately come into contact
with the front surface pattern 111, the rear surface pattern
121, and the first to fourth connection patterns 112 to
115. Although not being particularly restrictive, a buffer
such as rock wool paper may be disposed between the
stacked body 160 and the pressing plate at the time of
integrating the stacked body 160.
[0059] What has been described above is the method
for manufacturing the thermoelectric conversion element
sheet 1 in the present embodiment. By appropriately cut-
ting the thermoelectric conversion element sheet 1 as
thus described, it is possible to obtain a thermoelectric
conversion device with desired conversion efficiency (a
desired number of thermoelectric conversion elements
10). Specifically, by cutting the thermoelectric conversion
element sheet 1 such that the first to fourth connection
patterns 112 to 115 are appropriately divided, it is pos-
sible to obtain the thermoelectric conversion device. At
the time of cutting the thermoelectric conversion element
sheet 1, the cutting can be facilitated by cutting an inter-
mediate portion of each of the first to fourth connection
patterns 112 to 115 (a thinned portion of each of the first
to fourth connection patterns 112 to 115).
[0060] For example, by cutting the thermoelectric con-
version element sheet 1 along cutting lines L0 of Fig. 6,
a thermoelectric conversion device 3 having one thermo-
electric conversion element 10 can be obtained as shown

in Fig. 8A.
[0061] Further, by cutting the thermoelectric conver-
sion element sheet 1 along a cutting line L1 in Fig. 7, 14
thermoelectric conversion elements 10 are formed in the
first direction as shown in Fig. 8B, and it is possible to
obtain the thermoelectric conversion device 3 with each
of the thermoelectric conversion elements 10 connected
in series.
[0062] By cutting the thermoelectric conversion ele-
ment sheet 1 along a cutting line L2 in Fig. 7, two ther-
moelectric conversion elements 10 each are formed in
the first direction and the second direction as shown in
Fig. 8C, and it is possible to obtain the thermoelectric
conversion device 3 with each of the thermoelectric con-
version elements 10 connected in series. In this thermo-
electric conversion device 3, the thermoelectric conver-
sion elements 10 formed in the second direction are elec-
trically connected by the second connection pattern 113.
[0063] Further, by cutting the thermoelectric conver-
sion element sheet 1 along a cutting line L3 in Fig. 7, two
thermoelectric conversion elements 10 each are formed
in the first direction and the second direction as shown
in Fig. 8D, and it is possible to obtain the thermoelectric
conversion device 3 with each of the thermoelectric con-
version elements 10 connected in series. In this thermo-
electric conversion device 3, the thermoelectric conver-
sion elements 10 formed in the second direction is elec-
trically connected by the third connection pattern 114.
[0064] That is, as shown in Figs. 8C and 8D, when the
thermoelectric conversion element sheet 1 is to be cut
to obtain the thermoelectric conversion device 3 having
two thermoelectric conversion elements 10 in the second
direction, the thermoelectric conversion element sheet 1
may be cut so as to include the second connection pattern
113 or the third connection pattern 114. By performing
the cutting in this manner, it is possible to obtain the ther-
moelectric conversion device 3 with each of the thermo-
electric conversion elements 10 connected in series.
[0065] In order to facilitate understanding of Figs. 6 to
8D though they are not sectional views, the first to fourth
connection patterns 112 to 115 are provided with hatch-
ing. Further, when the thermoelectric conversion element
sheet 1 is to be cut, the alignment marks 116, 122 formed
on the front surface protection member 110 and the rear
surface protection member 120 are appropriately used
and the cutting is performed using the laser or the like.
[0066] Then, in the thermoelectric conversion device
3 obtained by cutting the thermoelectric conversion ele-
ment sheet 1, a hole is formed in the front surface pro-
tection member 110 by use of the laser or the like so as
to make exposed a part of each of the first to fourth con-
nection patterns 112 to 115 connected only with the ther-
moelectric conversion elements 10 at both ends in the
electrically serially connected direction. That is, for ex-
ample, in the thermoelectric conversion device 3 of Fig.
8A, the hole is formed such that a part of the two divided
first connection patterns 112 is exposed. Hence the two
divided first connection patterns 112 can be used as they
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are as electrodes to be electrically connected with the
external circuit.
[0067] Although the method for obtaining the thermo-
electric conversion device 3 by cutting the thermoelectric
conversion element sheet 1 has been described here,
the thermoelectric conversion element sheet 1 may be
used as it is.
[0068] As described above, in the present embodi-
ment, the thermoelectric conversion elements 10 are
formed in the respective formation regions 2a, and each
of the thermoelectric conversion elements 10 is connect-
ed in series. Hence a position at which the thermoelectric
conversion element sheet 1 is cut may be changed de-
pending on the intended use, and the design of the ther-
moelectric conversion element sheet 1 need not be
changed. It is thus possible to improve the degree of free-
dom for design and manufacturing.
[0069] Further, the cutting is performed such that the
first to fourth connection patterns 112 to 115 are appro-
priately cut. Hence each of the first to fourth connection
patterns 112 to 115 can be used as it is as an electrode
to be electrically connected with the external circuit, thus
simplifying the manufacturing process.

SECOND EMBODIMENT

[0070] A second embodiment of the present disclosure
will be described. According to the present embodiment,
in relation to the first embodiment, the cutting lines of the
thermoelectric conversion element sheet 1 are changed.
Other elements of the present embodiment are similar
to those of the first embodiment, and hence a description
thereof will be omitted here.
[0071] In the present embodiment, the thermoelectric
conversion element sheet 1 is cut such that a part of the
adjacent thermoelectric conversion elements 10 comes
into an electrically unconnected state (electrical connec-
tion thereof is divided), and thereafter, the electrically un-
connected thermoelectric conversion elements 10 are
electrically connected with each other, to thereby connect
each of the thermoelectric conversion elements 10 in se-
ries.
[0072] Specifically, in the present embodiment, the
thermoelectric conversion element sheet 1 is cut along
the cutting line L4 in Fig. 9 (see Fig. 10). In this case, in
a state after the cutting, two thermoelectric conversion
elements 10 in a region B in Fig. 9 are not electrically
connected. Hence, as shown in Fig. 10, after the cutting
of the thermoelectric conversion element sheet 1, the two
thermoelectric conversion elements 10 in the region B
are electrically connected by rear connection wiring 117.
It is thereby possible to obtain the thermoelectric conver-
sion device 3 with 60 thermoelectric conversion elements
10 connected in series and its planar shape being a sub-
stantially U shape.
[0073] As the rear connecting wiring 117, plating wir-
ing, printing wiring, lead wiring, or the like is used. For
example, after a hole is formed in the front surface pro-

tection member 110 by the laser or the like such that a
part of the two first connection patterns 112 connected
only with one thermoelectric conversion element 10 in
the region B is exposed, the rear connection wiring 117
is formed so as to electrically connect these two first con-
nection patterns 112.
[0074] As described above, after the thermoelectric
conversion element sheet 1 is cut such that a part of the
adjacent thermoelectric conversion elements 10 comes
into an electrically unconnected state, the electrically
non-connected thermoelectric conversion elements 10
may be electrically connected by the rear connection wir-
ing 117, to thereby obtain the thermoelectric conversion
device 3 with each of the thermoelectric conversion ele-
ments 10 connected in series. With this configuration,
the cutting line used at the time of cutting the thermoe-
lectric conversion element sheet 1 can be designed more
freely, thereby improving the degree of freedom for de-
sign and manufacturing.

MODIFICATION OF SECOND EMBODIMENT

[0075] Although the example of cutting the thermoe-
lectric conversion element sheet 1 along the cutting line
L4 has been described in the above second embodiment,
the cutting line can be appropriately changed, which will
be described below by giving several examples. In order
to facilitate understanding of each of the drawings de-
scribed below though they are not sectional views, the
first to fourth connection patterns 112 to 115 and the rear
connection wiring 117 are provided with hatching.
[0076] For example, as shown in Fig. 11, the thermo-
electric conversion element sheet 1 may be cut along a
cutting line L5 (see Fig. 12). In this case, in a state after
the cutting, two thermoelectric conversion elements 10
in each of a region C and a region D in Fig. 11 are not
electrically connected. Hence, as shown in Fig. 12, after
the cutting of the thermoelectric conversion element
sheet 1, the two thermoelectric conversion elements 10
in each of the region C and the region D are electrically
connected by the rear connection wiring 117. It is thereby
possible to obtain the thermoelectric conversion device
3 with 44 thermoelectric conversion elements 10 con-
nected in series and its planar shape being a substantially
L shape.
[0077] Further, as shown in Fig. 13, the thermoelectric
conversion element sheet 1 may be cut along a cutting
line L6 (see Fig. 14). In this case, in a state after the
cutting, two thermoelectric conversion elements 10 in
each of a region E and a region F in Fig. 13 are not elec-
trically connected. Hence, as shown in Fig. 14, after the
cutting of the thermoelectric conversion element sheet
1, the two thermoelectric conversion elements 10 in each
of the region E and the region F are electrically connected
by the rear connection wiring 117. It is thereby possible
to obtain the thermoelectric conversion device 3 with 72
thermoelectric conversion elements 10 connected in se-
ries and its planar shape being a substantially O shape.
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[0078] Further, as shown in Fig. 15, the thermoelectric
conversion element sheet 1 may be cut along a cutting
line L7 (see Fig. 16). In this case, in a state after the
cutting, two thermoelectric conversion elements 10 in
each of a region G, a region H, a region I, and a region
J in Fig. 16 are not electrically connected. Hence, as
shown in Fig. 16, after the cutting of the thermoelectric
conversion element sheet 1, the two thermoelectric con-
version elements 10 in each of the region G, the region
H, the region I, and the region J are electrically connected
by the rear connection wiring 117. It is thereby possible
to obtain the thermoelectric conversion device 3 with 44
thermoelectric conversion elements 10 connected in se-
ries.
[0079] Further, as shown in Fig. 17, the thermoelectric
conversion element sheet 1 may be cut along a cutting
line L8 (see Fig. 18). In this case, in a state after the
cutting, two thermoelectric conversion elements 10 in
each of a region K, a region L, and a region M in Fig. 17
are not electrically connected. Hence, as shown in Fig.
18, after the cutting of the thermoelectric conversion el-
ement sheet 1, the two thermoelectric conversion ele-
ments 10 in each of the region K, the region L, and the
region M are electrically connected by the rear connec-
tion wiring 117. It is thereby possible to obtain the ther-
moelectric conversion device 3 with 60 thermoelectric
conversion elements 10 connected in series and its pla-
nar shape being a substantially H shape.
[0080] As shown in Fig. 19, the thermoelectric conver-
sion element sheet 1 may be cut along a cutting line L9
(see Fig. 20). In this case, in a state after the cutting, two
thermoelectric conversion elements 10 in each of a re-
gion N, a region O, a region P, and a region Q in Fig. 19
are not electrically connected. Hence, as shown in Fig.
20, after the cutting of the thermoelectric conversion el-
ement sheet 1, the two thermoelectric conversion ele-
ments 10 in each of the region N, the region O, the region
P, and the region Q are electrically connected by the rear
connection wiring 117. It is thereby possible to obtain the
thermoelectric conversion device 3 with 52 thermoelec-
tric conversion elements 10 connected in series and its
planar shape being a substantially "+" (plus) shape.
[0081] As described above, even when the thermoe-
lectric conversion element sheet 1 is cut, a similar effect
to that of the above second embodiment can be obtained
by appropriately electrically connecting the thermoelec-
tric conversion elements 10 with each other by use of the
rear connection wiring 117 after the cutting.

THIRD EMBODIMENT

[0082] A third embodiment of the present disclosure
will be described. According to the present embodiment,
in relation to the first embodiment, an inspection step is
performed after the manufacturing of the thermoelectric
conversion element sheet 1. Other respects of the
present embodiment are similar to those of the first em-
bodiment, and hence a description thereof will be omitted

here.
[0083] In the present embodiment, characteristic in-
spection of the thermoelectric conversion element 10 is
performed after the manufacturing of the thermoelectric
conversion element sheet 1. Specifically, the two fourth
connection patterns 115 on the lower left and the lower
right of the paper of Fig. 1 are connected with the external
circuit, to thereby perform entire characteristic inspec-
tion. When the result of the entire characteristic inspec-
tion is a characteristic defect (when the entire electromo-
tive force does not satisfy reference electric power and
is not normal), each thermoelectric conversion element
10 is individually subjected to the characteristic inspec-
tion, to thereby specify a characteristic-defective place
of the thermoelectric conversion element 10.
[0084] When the entire characteristic inspection is to
be performed, a hole is formed such that a part of the
two fourth connection patterns 115 is exposed, and the
fourth connection patterns 115 and the external circuit
are electrically connected through the hole. Further,
when the characteristic inspection of each thermoelectric
conversion elements 10 is to be individually performed,
a hole is formed such that a part of each of the connection
patterns 112 to 114 connected with each thermoelectric
conversion element 10 is exposed, and each of the con-
nection patterns 112 to 115 and the external circuit are
electrically connected through the hole. That is, in the
present embodiment, when the entire characteristic in-
spection is normal, the hole which makes the part of each
of the first to third connection patterns 112 to 115 exposed
is not formed, to prevent a foreign matter from adhering
to each of the first to third connection patterns 112 to 114
through the hole.
[0085] Then, for example as shown in Fig. 21A, when
the thermoelectric conversion element 10 in the region
R is characteristic-defective (not normal), as shown in
Fig. 21B, two thermoelectric conversion elements 10,
sandwiching the thermoelectric conversion element 10
in the region R and adjacent to this thermoelectric con-
version element, are electrically connected with each oth-
er through front connection wiring 118 to thereby connect
the other thermoelectric conversion elements 10 in series
except for the characteristic-defective thermoelectric
conversion element 10. Accordingly, even when a char-
acteristic-defective thermoelectric conversion element
10 is present in the thermoelectric conversion element
sheet 1, it is possible to use the thermoelectric conversion
element sheet 1 as it is.
[0086] When the thermoelectric conversion element
sheet 1 is to be cut to obtain the thermoelectric conver-
sion device 3, it is possible to obtain the thermoelectric
conversion device 3 with desired conversion efficiency
by performing the cutting in consideration of the charac-
teristic-defective thermoelectric conversion element 10.
[0087] As described above, in the present embodi-
ment, the characteristic inspection is performed, and
when the thermoelectric conversion element 10 is char-
acteristic-defective, two thermoelectric conversion ele-
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ments 10, sandwiching the characteristic-defective ther-
moelectric conversion element 10 and adjacent to this
thermoelectric conversion element, are electrically con-
nected with each other through the front connection wir-
ing 118. Accordingly, even when a characteristic-defec-
tive thermoelectric conversion element 10 is present in
the thermoelectric conversion element sheet 1, it is pos-
sible to use the thermoelectric conversion element sheet
1 as it is.

OTHER EMBODIMENTS

[0088] In each of the above embodiments, for example,
the base material 2 (thermoelectric conversion element
sheet 1) may not be formed in a planar rectangular shape,
but may be formed in a planar square shape with the
same lengths in the first direction and the second direc-
tion, for example. Further, the base material 2 (thermo-
electric conversion element sheet 1) may have a paral-
lelogram shape. That is, the first direction and the second
direction may not be orthogonal to each other.
[0089] Similarly, in each of the above embodiments,
the thermoelectric conversion element 10 may not have
the longitudinal direction in the second direction, but may
have the longitudinal direction in the first direction.
[0090] Further, in each of the above embodiments, the
examples have been described where the thermoelectric
conversion element sheet 1 is cut to obtain the thermo-
electric conversion device 3 with desired conversion ef-
ficiency, but the thermoelectric conversion device 3 with
desired thermoelectric conversion efficiency may be ob-
tained at the time of manufacturing the thermoelectric
conversion element sheet 1. That is, for example at the
time of manufacturing the thermoelectric conversion el-
ement sheet 1, it is formed into the shape of Fig. 10, and
the thermoelectric conversion element sheet 1 may be
used as it is as the thermoelectric conversion device 3.
[0091] Moreover, as a modified example of each of the
above embodiments, as shown in Fig. 22, there may be
obtained the thermoelectric conversion element sheet 1
with the thermoelectric conversion elements 10 formed
only in the first direction. In order to facilitate understand-
ing of Fig. 22 though it is not a sectional view, each of
the first and fourth connection patterns 112, 115 is pro-
vided with hatching.
[0092] Then, in each of the above embodiments, the
alignment marks 116 may be formed only in the front
surface protection member 110, or the alignment marks
122 may be formed only in the rear surface protection
member 120. Further, each of the alignment marks 116,
122 may not be formed between each of the groups 10c,
but be formed between each of the thermoelectric con-
version elements 10. Further, each of the alignment
marks 116, 122 may not have a dot shape, but for exam-
ple, as shown in Fig. 23, a portion surrounded by the
alignment marks 122 may have a substantially cross
shape or a linear shape. Then, the alignment marks 116,
122 may not be formed.

[0093] Further, in each of the above embodiments, at
the time of cutting the thermoelectric conversion element
sheet 1, a dicing cutter or the like may be used instead
of the laser.
[0094] Further, in each of the above embodiments, the
example has been described where, in the thermoelectric
conversion device 3 obtained by cutting the thermoelec-
tric conversion element sheet 1, the hole is formed in the
front surface protection member 110 so as to make ex-
posed the part of each of the first to fourth connection
patterns 112 to 115 connected only with the thermoelec-
tric conversion elements 10 at both ends in the serially
connected direction. However, the hole which makes the
part of each of the first to fourth connection patterns 112
to 115 exposed may be formed before the thermoelectric
conversion element sheet 1 is cut. In this case, in the
state of the thermoelectric conversion element sheet 1,
the hole may be formed in advance only in a portion to
be a target. Further, a hole may be formed so as to make
all of the first to fourth connection patterns 112 to 115
exposed, and after the thermoelectric conversion ele-
ment sheet 1 is cut to obtain the thermoelectric conver-
sion device 3, the hole in a portion not connected with
the external circuit may be sealed.
[0095] While the present disclosure has been de-
scribed with reference to embodiments thereof, it is to be
understood that the disclosure is not limited to the em-
bodiments and constructions. The present disclosure is
intended to cover various modification and equivalent ar-
rangements. In addition, while the various combinations
and configurations, other combinations and configura-
tions, including more, less or only a single element, are
also within the spirit and scope of the present disclosure.

Claims

1. A thermoelectric conversion element sheet compris-
ing:

a base material (2) that has a plurality of forma-
tion regions (2a); and
a plurality of thermoelectric conversion ele-
ments (10) respectively disposed in the plurality
of formation regions, wherein:

the thermoelectric conversion elements dis-
posed in adjacent formation regions are
electrically connected through a connection
pattern (112 to 115) for extracting an elec-
trode.

2. The thermoelectric conversion element sheet ac-
cording to claim 1, wherein:

one direction in a plane direction of the base
material is defined as a first direction, and a di-
rection intersecting with the first direction is de-
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fined as a second direction;
the plurality of thermoelectric conversion ele-
ments are respectively arranged along the first
direction and the second direction;
the thermoelectric conversion elements adja-
cent to each other along the first direction are
electrically connected through the connection
pattern;
two of the thermoelectric conversion elements
adjacent to each other along the second direc-
tion provide a pair;
the thermoelectric conversion elements in the
pair disposed on one end in the first direction
are electrically connected with each other; and
the thermoelectric conversion element in one of
two pairs adjacent to each other along the sec-
ond direction, which are disposed on the other
end in the first direction, and the thermoelectric
conversion element in the other of two pairs are
electrically connected with each other, and the
thermoelectric conversion elements are con-
nected in series with each other.

3. A thermoelectric conversion element sheet compris-
ing:

a base material (2) that has a plurality of forma-
tion regions (2a); and
a plurality of thermoelectric conversion ele-
ments (10) respectively disposed in the plurality
of formation regions, wherein:

one direction in a plane direction of the base
material is defined as a first direction, and
a direction intersecting with the first direc-
tion is defined as a second direction;
the plurality of thermoelectric conversion el-
ements are respectively arranged along the
first direction and the second direction;
the thermoelectric conversion elements ad-
jacent to each other along the first direction
are electrically connected with each other;
two of the thermoelectric conversion ele-
ments adjacent to each other along the sec-
ond direction provide a pair;
the thermoelectric conversion elements in
the pair disposed on one end in the first di-
rection are electrically connected with each
other; and
the thermoelectric conversion element in
one of two pairs adjacent to each other
along the second direction, which are dis-
posed on the other end in the first direction,
and the thermoelectric conversion element
in the other of two pairs are electrically con-
nected with each other, and the thermoe-
lectric conversion elements are connected
in series with each other.

4. A thermoelectric conversion element sheet compris-
ing:

a base material (2) that has a plurality of forma-
tion regions (2a); and
a plurality of thermoelectric conversion ele-
ments (10) respectively disposed in the plurality
of formation regions, wherein:

one direction in a plane direction of the base
material is defined as a first direction; and
the plurality of thermoelectric conversion el-
ements are arranged along the first direc-
tion, and electrically connected to each oth-
er to be connected in series with each other.

5. The thermoelectric conversion element sheet ac-
cording to any one of claims 1 to 4, wherein:

an alignment mark (116, 122) is arranged on the
base material between adjacent thermoelectric
conversion elements.

6. The thermoelectric conversion element sheet ac-
cording to any one of claims 1 to 5, wherein:

the base material includes a rear surface pro-
tection member (120), an insulating base mem-
ber (100) and a front surface protection member
(110) which are sequentially stacked;
a plurality of first via holes and a plurality of sec-
ond via holes (101, 102) arranged in the insu-
lating base member to penetrate the insulating
base member in a thickness direction are re-
spectively filled with a first interlayer connection
member and a second interlayer connection
member (130, 140) which are made of different
metals; and
the plurality of thermoelectric conversion ele-
ments are provided by the first interlayer con-
nection member and the second interlayer con-
nection member, which are alternately connect-
ed in series with each other through a front sur-
face pattern (111) arranged on the front surface
protection member and a rear surface pattern
(121) arranged on the rear surface protection
member.

7. The thermoelectric conversion element sheet ac-
cording to claim 6, wherein:

at least one of the different metals for providing
the first interlayer connection member and the
second interlayer connection member is a sin-
tered alloy obtained by sintering a plurality of
metal atoms in a state where the metal atoms
maintains a crystal structure.
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8. A method for manufacturing a thermoelectric con-
version element sheet, the method comprising:

preparing an insulating base member (100) that
includes a plurality of formation regions (2a), and
has thermoplastic resin in which a plurality of
first via holes and a plurality of second via holes
(101, 102) penetrating the formation regions in
a thickness direction are arranged in each of the
plurality of formation regions, and the first via
holes and the second via holes are respectively
filled with a first conductive paste and a second
conductive paste (131, 141);
preparing a front surface protection member
(110) having a plurality of front surface patterns
(111) spaced apart from each other and a plu-
rality of connection patterns (112 to 115) spaced
apart from each other, which are arranged on
one surface (110a) of the front surface protec-
tion member;
preparing a rear surface protection member
(120) having a plurality of rear surface patterns
(121) spaced apart from each other, which are
arranged on one surface (120a) of the rear sur-
face protection member;
arranging the front surface protection member
on a front surface of the insulating base member
to contact the first conductive paste and the sec-
ond conductive paste with the front surface pat-
terns and the connection patterns, respectively,
and arranging the rear surface protection mem-
ber on a rear surface of the insulating base mem-
ber to contact the first conductive paste and the
second conductive paste with the rear surface
patterns, respectively, so as to form a stacked
body (160); and
heating and pressing the stacked body in a
stacking direction to integrate into one body so
that a first interlayer connection member and a
second interlayer connection member (130,
140) are formed from the first conductive paste
and the second conductive paste in the each of
the formation regions; connecting the first inter-
layer connection member and the second inter-
layer connection member with the front surface
pattern and the rear surface pattern so as to al-
ternately connect the first interlayer connection
member and the second interlayer connection
member in series with each other so that a ther-
moelectric conversion element (10) is formed;
and electrically connecting adjacent thermoe-
lectric conversion elements through the connec-
tion pattern so that thermoelectric conversion el-
ements are connected in series with each other
by connecting the adjacent thermoelectric con-
version elements formed in a corresponding for-
mation region.

9. The method for manufacturing the thermoelectric
conversion element sheet according to claim 8, fur-
ther comprising:

performing an entire characteristic inspection of
the thermoelectric conversion elements con-
nected in series with each other after integration
of the stacked body, wherein:

in the entire characteristic inspection,

when the thermoelectric conversion el-
ements connected in series with each
other are not normal as a whole, the
characteristic inspection is individually
performed on each of the thermoelec-
tric conversion elements, and
after performance of an individual char-
acteristic inspection, two thermoelec-
tric conversion elements adjacent to
the thermoelectric conversion element
being not normal are electrically con-
nected through a connection wiring
(118) so that other thermoelectric con-
version elements except for the ther-
moelectric conversion element being
not normal are electrically connected in
series with each other.

10. A method for manufacturing a thermoelectric con-
version device, comprising:

performing the method for manufacturing the
thermoelectric conversion element sheet ac-
cording to claim 8 or 9; and
cutting the thermoelectric conversion element
sheet, wherein:

in the cutting of the thermoelectric conver-
sion element sheet, the thermoelectric con-
version element sheet is cut so as to divide
the connection pattern.

11. The method for manufacturing the thermoelectric
conversion device according to claim 10, wherein:

in the cutting of the thermoelectric conversion
element sheet, the cutting is performed so as to
maintain the thermoelectric conversion ele-
ments being connected in series with each oth-
er.

12. The method for manufacturing the thermoelectric
conversion device according to claim 10, wherein:

in the cutting of the thermoelectric conversion
element sheet, the thermoelectric conversion el-
ement sheet is cut so that electric connection of
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a part of the thermoelectric conversion elements
is separated,
the method further comprising:

electrically connecting the part of the ther-
moelectric conversion elements through a
rear connection wiring (117) so that the ther-
moelectric conversion elements are con-
nected in series with each other after the
cutting of the thermoelectric conversion el-
ement sheet.
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